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PHARMACEUTICAL COMPOSITIONS AND METHODS FOR 
TREATING RHEUMATOID ARTHRITIS 

FIELD AND BACKGROUND OF TH E INVENTION 

The present invention relates to pharmaceutical compositions and 
methods for treating rheumatoid arthritis in an individual. More 
particularly, the present invention relates to DNA vaccination approaches 
which induce the breakdown of self-tolerance to cytokines and as such 
inhibit the progression of the disease. 

Rheumatoid arthritis (RA) is an inflammatory disorder 
characterized by infiltration of leukocytes into the synovial tissue (ST) 
and synovial fluid (SF) of joints (Harris, 1 990). Depending on the type 
of immunization, a single administration of complete Freund's adjuvant 
(CFA) may result in the development of a local inflammatory process or 
chronic poly adjuvant induced arthritis (ALA, also termed AA) which 
histologically and clinically resembles human RA (Holoshitz et al, 
1983). In the scientific and medical communities, ALA is considered a 
reliable animal model for testing drags and treatments for RA. 

In both diseases proinflammatory cytokines and chemokines are 
believed to play a pivotal role in the attraction of leukocytes to the site of 
inflammation and in the initiation and progression of the inflammatory 
process. The role of proinflammatory cytokines, particularly TNF-a and 
IL-1, in disease manifestation has been intensively studied and explored 
in experimental models that have been expanded to clinical trials (Arend 
and Dayer, 1995; Arend et al, 1994; Elliott et al, 1994; Feldmann et al, 
1997; Moreland et al, 1997; Moreland et al, 1996; for a general review, 
see also, Feldmann et al, 1996). Other cytokines such as IL-4, TGF-P, 
IL-8, IL-17, IL-10, IL-11, IL-12 and IL-15 have also been implicated in 
the regulation of the disease. Such regulation can be attributed to either 
their direct effect on disease manifestation, their synergistic effect with 
other proinflammatory cytokines/chemokines, or their involvement in the 
regulation of chemokine transcription, and production (Badolato and 
Oppenheim, 1996; Badolato et al, 1997; Butler et al, 1999; Chabaud et 
al, 1998; Evans et al, 1998; Feldmann et al, 1996; Kasama et al, 1999; 
Ma et al, 1998; Parks et al, 1998; Sato et al, 1996; Schimmer et al, 
1998; Schrier etal, 1998; Wahl etal, 1993). 

Chemokines are chemoattractant cytokines that mediate leukocyte 
attraction and recruitment at the site of inflammation. Based on the 
positions of the first two cysteines, chemokines can be divided into four 
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highly conserved but distinct supergene families, C-C, C-X-C, C and C- 
X3-C (Rollins, 1997; Sallusto et al., 1998; Ward et al, 1998). The C-C 
family is primarily involved in the activation of endothelium and 
chemoattraction of T cells and monocytes to the site of infl amm ation. 
The protective competence of anti-C-C chemokine based immunotherapy 
has been demonstrated in experimental autoimmune encephalomyelitis 
(EAE), and AA. 

Neutralizing the activity of chemokines as a way to treat arthritis 
has been explored by several researchers. In a very recent study 
neutralizing antibodies to epithelial neutrophil activating peptide 78 
(ENA-78) were found capable of inhibiting the development of AA if 
administered before but not after the onset of disease (Halloran et al., 
1999). In another recent study Barnes et al. used anti-human RANTES 
to ameliorate AA in the Lewis rat (Barnes et al., 1998). Gong et al. used 
an antagonist of Monocyte Chemoattractant Protein 1 (MCP-1) to inhibit 
arthritis in the MRL-lpr mouse model (Gong et al., 1997). Using a 
streptococcal cell wall induced arthritis model it has been shown that 
anti-IL-4 and anti MCP-1 antibodies block the disease (Schimmer et al., 
1998). The same study demonstrated that neutralizing IL-4 by itself, 
leads to a marked reduction in MCP-1 rnRNA transcription at the 
autoimmune site and to inhibition of the development of disease which 
further implicates MCP-1 in playing an active role in arthritis 
development. 

A major disadvantage in treating chronic diseases with xenogenic 
neutralizing antibodies lies in their immunogenicity. This has motivated 
investigators to develop chimeric humanized antibodies, and monoclonal 
antibodies engineered with human Ig heavy and light chain from yeast 
artificial chromosomes (YAC) (Green et al., 1994). However, following 
repeated immunization, these engineered antibodies do trigger an 
apparent allotypic response. 

The present invention provides an alternative therapeutic approach 
to the treatment of rheumatoid arthritis. This approach utilizes ex-vivo or 
in-vivo DNA vaccination with either cell contained DNA or preferably 
naked DNA constructs which include an expressible cytokine, preferably 
chemokine, derived coding sequence(s). The approach of the present 
invention enables overexpression of the cytokine in the recipient subject, 
thereby eKciting an immune response which induces the breakdown of 
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self-tolerance to these cytokine and as such inhibit the progression of the 
disease. 

As is further described in the examples section below, this 
therapeutic approach is of great advantage over prior art methods since it 
results in the generation of immunity to autologous antigens, which 
immunity level corresponds with a disease state. This type of therapy is 
ideally suited for treating rheumatoid arthritis. 

S UMMARY OF T HE INVENTION 

According to one aspect of the present invention there is provided 
a method of treating rheumatoid arthritis of an individual, the method 
comprising the step of expressing within the individual at least an 
immunologically recognizable portion of a cytokine from an exogenous 
polynucleotide encoding the at least a portion of the cytokine, wherein a 
level of expression of the at least a portion of the cytokine is sufficient to 
induce a formation of anti-cytokine immunoglobulins, the anti-cytokine 
immunoglobulins being for neutralizing or ameliorating an activity of a 
respective and/or cross reactive endogenous cytokine, to thereby treat 
rheumatoid arthritis. 

According to another aspect of the present invention there is 
provided a pharmaceutical composition comprising, as an active 
ingredient, a nucleic acid construct including a polynucleotide region 
encoding at least a portion of a cytokine and a pharmaceutically 
acceptable carrier. 

According to further features in preferred embodiments of the 
invention described below, the cytokine is a chemokine. 

According to still further features in the described preferred 
embodiments the chemokine is a C-C chemokine. 

According to still further features in the described preferred 
embodiments the C-C chemokine is selected from the group consisting of 
MJP-la, MCP-1, MIP-1 p and RANTES. 

According to still further features in the described preferred 
embodiments the cytokine is TNF-oc. 

According to still further features in the described preferred 
embodiments the step of expressing wilnin the individual the at least an 
immunologically recognizable portion of the cytokine from the 
exogenous polynucleotide encoding the at least a portion of the cytokine 
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is effected by administering the exogenous polynucleotide to the 
individual. 

According to still further features in the described preferred 
embodiments the exogenous polynucleotide forms a part of a 
pharmaceutical composition. 

According to still further features in the described preferred 
embodiments the pharmaceutical composition also includes a 
pharmaceutically acceptable carrier. 

According to still further features in the described preferred 
embodiments the pharmaceutically acceptable carrier is selected from the 
group consisting of a viral carrier, a liposome carrier, a micelle carrier 
and a cellular carrier. 

According to yet another aspect of the present invention there is 
provided a method of treating rheumatoid arthritis in an individual, the 
method comprising the step of administering to the individual cells 
expressing from an exogenous polynucleotide at least an 
immunologically recognizable portion of a cytokine, wherein a level of 
expression of the at least a portion of the cytokine is sufficient to induce 
a formation of anti-cytokine immunoglobulins, the anti-cytokine 
immunoglobulins being for neutralizing or ameliorating an activity of a 
respective and/or cross reactive endogenous cytokine, to thereby treat 
rheumatoid arthritis. 

According to still another aspect of the present invention there is 
provided a cellular vaccine composition comprising cells expressing at 
least one peptide epitope derived from a cytokine, the at least one peptide 
includes at least 6 amino acid residues. 

According to still further features in the described preferred 
embodiments the cells are selected from the group consisting of dendritic 
cells, macrophages, B cells and fibroblasts. 

According to still further features in the described preferred 
embodiments the cells are derived from the individual. 

According to still further features in the described preferred 
embodiments the cells secrete the at least a portion of the cytokine 
following expression thereof. 

According to still further features in the described preferred 
embodiments the cells are antigen presenting cells and as such, the cells 
present portions of the cytokine following expression of the at least a 
portion of the cytokine. 
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According to an additional aspect of the present invention there is 
provided a method of treating rheumatoid arthritis of an individual, the 
method comprising the step of expressing within the individual an 
exogenous polynucleotide encoding at least a portion of a variable region 
of an anti-cytokine immunoglobulin, wherein a level of expression of the 
at least a portion of the variable region of the anti-cytokine 
immunoglobulin is sufficient for neutralizing or ameliorating an activity 
of a respective and/or cross reactive endogenous cytokine, to thereby 
treat rheumatoid arthritis. 

According to yet an additional aspect of the present invention 
there is provided a pharmaceutical composition comprising, as an active 
ingredient, a nucleic acid construct including a polynucleotide region 
encoding at least a portion of a variable region of an anti-cytokine 
immunoglobulin and a pharmaceutically acceptable carrier, wherein the 
at least a portion of the variable region is capable of binding the cytokine. 

According to still further features in the described preferred 
embodiments the variable region is a light chain variable region of the 
anti-cytokine immunoglobulin. 

According to still further features in the described preferred 
embodiments the variable region is a heavy chain variable region of the 
anti-cytokine immunoglobulin. 

According to still further features in the described preferred 
embodiments the cytokine is a chemokine. 

According to still further features in the described preferred 
embodiments the chemokine is a C-C chemokine. 

According to still further features in the described preferred 
embodiments the C-C chemokine is selected from the group consisting of 
MIP-la, MCP-1, MEP-lp and RANTES. 

According to still further features in the described preferred 
embodiments the cytokine is TNF-a. 

According to still an additional aspect of the present invention 
there is provided a method of treating rheumatoid arthritis of an 
individual, the method comprising the step of administering to the 
individual cells expressing an exogenous polynucleotide encoding at least 
a portion of a variable region of an anti-cytokine immunoglobulin, 
wherein a level of expression of the at least a portion of the variable 
region of the anti-cytokine immunoglobulin is sufficient for neutralizing 
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or ameliorating an activity of a respective and/or cross reactive 
endogenous cytokine, to thereby treat rheumatoid arthritis. 

According to a further aspect of the present invention there is 
provided a cellular vaccine composition comprising cells expressing at 
least a portion of a variable region of an anti-cytokine immunoglobulin, 
wherein the portion of the variable region of the anti-cytokine 
immunoglobulin is capable of binding the cytokine. 

According to still further features in the described preferred 
embodiments the cells secrete the at least a portion of the variable region 
of the anti-cytokine immunoglobulin following expression thereof. 

The present invention successfully addresses the shortcomings of 
the presently known configurations by providing pharmaceutical 
compositions and methods useful in treating an individual suffering from 
rheumatoid arthritis 

BRIEF DESC RIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with 
reference to the accompanying drawings. With specific reference now to 
the drawings in detail, it is stressed that the particulars shown are by way 
of example and for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are presented in the 
cause of providing what is believed to be the most useful and readily 
understood description of the principles and conceptual aspects of the 
invention. In this regard, no attempt is made to show more detail than is 
necessary for a fundamental understanding of the invention, the 
description taken with the drawings making apparent to those skilled in 
the art how the several forms of the invention may be embodied in 
practice. 

In the drawings: 

FIGs. la-d depict leg swelling and clinical scores (as described in 
the Examples section) of control unimmunized rats, rats immunized with 
control DNA (pcDNA3) and rats immunized with various chemokine 
expression constructs. Clinical score and the differences in leg swelling 
are show as mean of 10 rats (days 10- 30), or 6 rats (day 31 -on) ± 
standard error (SE). 

FIGs. 2a-n depict histological sections from control and 
chemokine immunized rats presented in Table 1 of Example 1. Figures 
2a-g are magnified 5 times while Figures 2h-n are magnified 40 times. 
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Figures 2a and 2h are sections from a non-diseased rat joint; Figures 2b 
and 2i - arthritic joint; Figures 2c and 2j - joint sections from rat 
vaccinated with pcDNA3 vector alone; Figures 2d and 2k - joint sections 
from rats vaccinated with MCP-1; Figures 2e and 21 - joint sections from 
rats vaccinated with MlP-la; Figures 2f and 2m - joint sections from rats 
vaccinated with MTP-IP; Figures 2g and 2n - joint sections from rats 
vaccinated with RANTES. The arrowheads point to the synovial lining (b 
= bone; nb = new bone formation; s = synovial membrane). 

FIGs. 3a-d depict anti-self antibody titers in serum of Lewis rats 
which were subjected to vaccination with the various C-C chemokine 
DNA constructs described in Example 1. Control rats were injected with 
pcDNA3 alone or with PBS. Three weeks post immunization, these rats 
were separated to sub-groups that were administered with CFA either by 
a foot pad injection to induce a local DTH response or by a tail-base 
administration to induce poly-arthritis. Results are shown as mean of 
three different serum samples ± SE. 

FIGs. 4a-d depict kinetics of anti-self antibody appearance in 
serum of Lewis rats vaccinated with the various C-C chemokine DNA 
constructs described above. Control rats were injected with pcDNA3 
alone or with PBS. Three weeks later these rats were administered with 
CFA to induce poly-arthritis. 

FIGs. 5a-d depict possible antibody cross-reactivity between rats 
vaccinated with MCP-1, MEP-la, MIP-ip and RANTES constructs. 
Results are shown as mean of three different sera samples ± SE. 

FIGs. 6a-f depict the competence of self-specific antibodies 
obtained in DNA vaccinated AA rats (Figure 5a-d) for inhibiting the 
migration of oil-induced peritoneal macrophages in a Boyden chemotaxis 
chamber assay. flVELP (10" 7 M, Sigma) was used as a positive control for 
chemoattraction. Commercially available (Chemicon) MlP-la (200 
ng/ml), MCP-1, MIP-1(3 and RANTES (100 ng/ml each) were used as 
chemoattractants. Purified antibodies (IgG purification) were added at a 
concentration of lOug/ml. Result are shown as mean of triplicates ± SE. 

FIGs. 7a-b depict AA scoring of poly-arthritis diseased rats 
challenged Seven, ten and twelve days following the active induction of 
the disease with 200ug of IgG (protein G purification, CNBr 
purification) derived from the different vaccination groups described in 
the Examples section. Results are shown as mean clinical score of six 
rats in each group ± SE. 
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FIGs. 8a-c depict AA scoring of rats immunized with CFA to 
induce active AA and then randomly separated into three groups of 
twelve rats each. At the onset of disease (day 10), and on days 12 and 14 
two of these groups were subjected to three repeated administrations of 
either the pcDNA3 vector (300ug/rat) or the MCP-1 construct. The third 
group was inoculated with PBS. Results are shown as mean clinical 
score of 12 rats in each group ± SE. 

FIGs. 9a-p depict histological sections from joints of rats of each 
experimental groups described in Example 1. Figures 9a, c, e, g, i, k, m 
and o are magnified 5 times while Figures 9b, d, f, h, j, 1, n and p are 
magnified 40 times. Figures 9a-d are sections from non-diseased joints 
taken from rats of an age which matches that of the diseased rats (9a-b 
day 30; 9c-d day 90); Figures 9e-f - joint sections taken 30 days 
following disease induction; Figures 9g-h - joint sections taken 90 days 
following disease induction; Figures 9i-j - joint sections from pcDNA3 
treated rats, obtained 30 days following disease induction; Figure 9k-l 
joint sections from pcDNA3 treated rats, obtained 90 days following 
disease induction. Figures 9m-n - joint sections of MCP-1 treated rats, 
obtained 30 days following disease induction, Figures 90-p joint sections 
of MCP-1 treated rats obtained 90 days following disease induction. The 
arrowheads point to the synovial lining (b = bone; nb = new bone 
formation; s - synovial membrane). 

FIGs. lOa-d depict a clinical score and the differences in leg 
swelling for groups of 12 Lewis rats which were exposed to four weekly 
administrations of TNF-cc DNA vaccine. Control rats were injected with 
either [3-actin construct, the pcDNA3 vector alone, or with PBS. Three 
weeks after the last immunization all rats were immunized with CFA to 
induce active AA. Results are shown as mean of 12 rats (days 10- 30), or 
8 rats (day 31 -on) ±SE. 

FIGs. lla-c depict the breakdown of tolerance to self in DNA 
vaccinated rats. Figure 11a depicts a comperative analysis of self- 
specific antibody titer to TNF-a developed in each group on day 20. 
Figure lib follows the kinetics of self specific antibodies to TNF-a 
generated following administration of CFA to induce a local DTH 
response, or chronic AA. Figure 11c follows the kinetics of self specific 
antibodies to TNF-a generated following administration of CFA to 
induce a local DTH response, or chronic AA in DNA vaccinated rats. 
Results are shown as mean of three different serum samples ± SE. 
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FIG. 12 depicts the ability of a CNBr purified IgG fraction of 
TNF-ot specific neutralizing antibodies purified from sera of rats that 
were previously vaccinated with TNF-a naked DNA vaccine to inhibit 
neutral red uptake of U937 cells. IgG purified from normal rat serum 
(100 pig/well), IgG fraction from pcDNA3 vaccinated EAE rats 
(lOOu-g/well), or an equal volume of PBS were used as controls. Results 
are shown as mean optical density (OD) at 570 nm ± SE. 

FIG. 13 depicts the clinical score of AA diseased rats challenged 
with TNF-a antibodies produced by previous DNA vaccination 
experiments. Four groups of six rats each were immunized with CFA to 
develop poly-arthritis. Beginning on day 16 AA rats were challenged 
intravenously (i.v.), every other day, with lOO^ig of TNF-a antisera. 
Results are shown as mean clinical score of six rats in each group ± SE. 

FIG. 14 depicts the clinical score of diseased rats treated with 
various vaccine compositions. Lewis rats were immunized with CFA to 
induce active AA and then randomly separated into four groups of twelve 
rats each. At the onset of disease (day 10), and on days 12 and 14 two of 
these groups were subjected to three repeated administrations of either a 
control ((3-actin construct, pcDNA3 or PBS), or the TNF-a construct. 
Results are shown as mean clinical score of 12 rats in each group ± SE. 

FIG. 15a-p depict histological sections of rat joints. Figures 15a, 
c, e, g, i, k, m and o are magnified 10 times, while Figures 15b, d, f, h, j, 
1, n and p are magnified 40 times. Figures 15a-d depict non-diseased 
joint sections taken from rats of an age which matches that of the 
diseased rats (15a-b day 30; 15c-d day 60). Figure 15e-f - joint sections 
taken 30 days following disease induction; Figures 15g-h - joint sections 
taken 90 days following disease induction; Figures 15i-j - joint sections 
taken 30 days following disease induction; Figures 15k-l - joint sections 
taken 60 days following disease induction; Figures 15m-n - joint sections 
of TNF-a treated rats taken 30 days following disease induction; Figures 
15o-p - joint sections of TNF-a treated joints taken 60 days following 
disease induction. The arrowheads point to the synovial lining (b = bone; 
nb = new bone formation; s = synovial membrane). 

DESCRIPTION OF THE PREFERRED EMBODTMF.NTS 

The present invention is of pharmaceutical compositions and 
methods utilizing same which can be used to treat an individual suffering 
from rheumatoid arthritis. Specifically, the present invention can be used 
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to elicit the formation of immunoglobiilins directed at cytokines, 
preferably chemokines, to thereby induce the breakdown of self-tolerance 
to these cytokmes/chemokines and inhibit the progression of the disease. 

The principles and operation of the present invention may be 
better understood with reference to the drawings and accompanying 
descriptions. 

Before explaining at least one embodiment of the invention in 
detail, it is to be understood that the invention is not limited in its 
application to the details set forth in the following description or 
illustrated in the drawings. The invention is capable of other 
embodiments or of being practiced or carried out in various ways. Also, 
it is to be understood that the phraseology and terminology employed 
herein is for the purpose of description and should not be regarded as 
limiting. 

According to the present invention mere is provided a method of 
treating rheumatoid arthritis of an individual. As used herein the term 
"treating" implies either to ameliorating or arresting the progression of 
rheumatoid arthritis. In any case, treatment of the individual 
substantially reduces symptoms manifested by both clinical and 
histological findings. 

According to one aspect of the present invention, DNA 
vaccination is used for exposing the individual to an immunologically 
recognizable portion of a cytokine in an amount sufficient to induce a 
formation of anti-cytokine immunoglobulins. 

As used herein the phrase "immunologically recognizable portion" 
refers to a stretch of at least 6, preferably 8 or more amino acids, e.g., the 
entire sequence, either contiguous or not, which is capable of inducing an 
immunological response against itself when expressed from exogenous 
DNA by cells of the individual. The phrase "antigenic epitope" refers to 
a single antigenic determinant. 

As used herein and in the claims, the term "immunoglobulin" 
refers to any of several classes of structurally related proteins that 
function as part of the immune response of the individual, which proteins 
include IgG, IgD, IgE, IgA, IgM and related proteins. Preferably, as used 
herein the term immunoglobulin refers to the IgG and IgM classes. 

The anti-cytokine immunoglobulins formed in the individual serve 
to neutralize or ameliorate an activity of a respective and/or cross 
reactive endogenous cytokine which is responsible for the immobilization 
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of T-lymphocytes to the site of inflammation in the joint of arthritic 
individuals. As such, neutralizing or ameliorating the activity of these 
endogenous cytokines enables to treat rheumatoid arthritis. 

According to preferred embodiments of the present invention the 
immunologically recognizable portion of the cytokine to which the 
individual is exposed can be derived from TNF-a or alternatively it can 
be derived from a chemokine, preferably a C-C chemokine, such as, but 
not limited to, MlP-la, MCP-1, MIP-lp or RANTES. 

It will be appreciated that the immunologically recognizable 
portion can include a consensus amino acid sequence shared by several 
cytokines. The use of such a consensus sequence is particularly 
advantageous since it can generate immunoglobulins which are cross 
reactive with several types of cytokines, thereby further enhancing the 
capability of the method of the present invention in treating rheumatoid 
arthritis. Suitable amino acid alignment software (e.g., the GCG 
software) can be used by the ordinary artisan to align the primary amino 
acid sequences of several chemokines and to thereby identify consensus 
amino acid sequences shared thereby. A reverse translated 
polynucleotide can than be prepared accordingly using solid phase 
technology and be tested as a DNA vaccine as is further described herein. 
Additionally, immonogenicity, immunoreactivity, and cross reactivity a 
consensus sequence towards cytokines can be studies using conventional 
immunization procedures an immunoassays. 

According to the present invention, the individual is exposed to 
the immunologically recognizable portion of the cytokine via one of 
several methods, which result in in-vivo or ex-vivo transformation of cells 
with an exogenous polynucleotide which codes for the immunologically 
recognizable portion of a cytokine. 

Ex-vivo transformation of the exogenous polynucleotide into cells 
is accomplished by any conventional method for transfection, infection or 
the like as is well known in the art. Such cells are preferably collected 
from the individual to be treated so as to serve for subsequent autologous 
implantation thereof back into the individual. In-vivo transformation is 
effected by one of several ways, as further detailed hereinunder. 

Thus, according to one aspect of the present invention, an 
exogenous polynucleotide encoding the immunologically recognizable 
portion of a cytokine is administered and expressed within cells of the 
individual in-vivo. According to this method the expression level of the 
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exogenous polynucleotide is sufficient to induce a formation of anti- 
cytokine immunoglobulins. 

According to preferred embodiments of the present invention, the 
exogenous polynucleotide encoding the immunologically recognizable 
portion of a cytokine is preferably DNA in a form of, or contained in, a 
nucleic acid construct, which also includes regulatory sequences, such as 
a promoter, an enhancer a terminator and the like which are functional in 
eukaryotic cells, preferably mammalian cells. For example, the 
exogenous polynucleotide can be contained in plasmid, retroviral vector, 
adenoviral vector, vaccinia viral vector, herpes viral vector, lenti virus 
vector, EBV vector, CMV vector, polio virus vector, sindbis viral vector, 
semliki forest virus vector, parvo virus vector, adeno-associated virus 
vector, or virus like particle (VLP) vector. Alternatively, the exogenous 
polynucleotide can be in the form of RNA. 

The nucleic acid construct including the exogenous polynucleotide 
can be administered to the individual as a part of a pharmaceutical 
composition which includes a pharmaceutically acceptable carrier such 
as, but is not limited to, a physiological solution, a viral capsid carrier, a 
liposome carrier, a micelle carrier, a complex cationic reagent carrier, a 
polycathion carrier such as poly-lysine and a cellular carrier. Further 
description of some of these pharmaceutically acceptable carriers, 
pharmaceutical composition preparation and of method of administering 
such compositions are detailed hereinbelow. 

Hereinafter, the phrase "pharmaceutically acceptable carrier" 
refers to a carrier that does not cause significant irritation to an organism 
and does not abrogate the biological activity and properties of the 
administered active compound. An adjuvant is included under this 
definition. 

According to another aspect of the present invention the method 
of treating rheumatoid arthritis in an individual can be effected by 
administering to the individual cells expressing, from an exogenous 
polynucleotide, at least an immunologically recognizable portion of a 
cytokine. This method is similar to that described above with the 
exception that the aclministration of the exogenous polynucleotide is 
performed ex-vivo. 

According to this aspect of the present invention, the exogenous 
polynucleotide which is preferably included within the nucleic acid 
construct, is used to transform cells, either stably (integration into the 
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genome) or transiently (expression in the nucleus or cytoplasm without 
genomic integration). Suitable cells include, but are not limited to, 
dendritic cells, macrophages, B cells or fibroblasts, which are preferably 
taken from the individual or from an individual which is 
immunogenically related to the individual. Methods of isolating, ex-vivo 
culturing, transforming and retransplating such cells are well known in 
the art, see, for example, "Culture of Animal Cells - A Manual of Basic 
Technique" by Freshney, Wiley-Liss, N. Y. (1994), Third Edition. 

According to another preferred embodiment of the present 
invention, the transformed cells secrete the cytokine polypeptide 
expressed from the exogenous polynucleotide. In this case, the 
exogenous polynucleotide also includes a sequence region which is in 
translational fusion to the cytokine coding region and which codes for a 
signal peptide for targeting the cytokine into the ER and thereafter out of 
the cell. Numerous examples to signal peptide coding sequences 
utilizable by this aspect of the present invention are known in the art and 
as such no further description is given herein. In particular, such 
sequences can be derived from the cytokines themselves, all of which are 
secreted proteins. 

According to another preferred embodiment of the present 
invention, the transformed cells are antigen presenting cells. As such 
these cells present or display portions of the cytokine following the 
expression thereof by the cell. It will be appreciated that the portions 
displayed preferably include antigenic epitopes which elicit a strong 
antigenic response when such cells are administered to the individual. 

There is increasing evidence indicating that an immunogenic 
response is stronger when peptides are presented or displayed on antigen 
presenting cell (Mayordomo et al. (1995) Nature Med. 1, 1297-1302). 
The most common cells used to present antigens are bone marrow and 
peripheral blood derived dendritic cells (DC). 

Thus the methods described above utilize the expression of an 
immunogenic portion of a cytokine, preferably a chemokine within an 
individual in order to induce the breakdown of immunogenic tolerance to 
the cytokine thereby inhibiting the progression of the disease. 

Although the above described methods are presently preferred, 
expression within the individual of a variable portion of the light and/or 
heavy chains of an immunoglobulin which was generated against a 
cytokine responsible for the mobilization of T-lymphocytes to a site of 
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arthritic inflammation, can also be utilized to inhibit the progression of 
the disease. 

Thus, according to yet another aspect of the present invention, 
there is provided a method of treating rheumatoid arthritis in an 
individual. The method according to this aspect of the present invention 
is effected by expressing within the individual an exogenous 
polynucleotide encoding at least a portion of a variable region of an anti- 
cytokine immunoglobulin. The variable region can be of either the light 
and/or the heavy chains of the immunoglobulin. According to this aspect 
of the present invention the variable region of the anti-cytokine 
immunoglobulin is expressed within the individual in a level sufficient 
for neutralizing or ameliorating the activity of a respective and/or cross 
reactive endogenous cytokine, to thereby treat rheumatoid arthritis. 

It will be appreciated that such an expression can be effected as 
described above by either in-vivo or ex-vivo transformation of cells. It 
will further be appreciated that in any case secretion of the variable 
region of an anti-cytokine immunoglobulin is preferred. Such secretion 
can be effected as described above for another aspect of the present 
invention. 

Cloning of cDNA encoding an antibody or fragments thereof may 
be accomplished by several approaches known in the art. In the preferred 
approach, mRNA from clonal hybridoma cell lines which produce an 
antibody active against a cytokine is employed as starting material. The 
cells are harvested and mRNA is extracted by standard methods known 
in the art. The cDNA is prepared by reverse transcription of the mRNA 
by standard methods known in the art. The cDNA for each chain of the 
immunoglobulin is cloned separately, and may be amplified by 
polymerase chain reaction using appropriate primers. The cDNA is then 
ligated into appropriate vectors by standard methods. The cDNA may be 
cloned into any suitable vector and either directly administered into the 
individual (in-vivo method) or used to transform cell (ex-vivo method). 
cDNAs encoding the variable regions of light and heavy chains can be 
ligated in an in frame spaced orientation so as to encode for an active 
single chain antibody. 

The exogenous polynucleotide encoding the variable region of an 
anti-cytokine immunoglobulin can be combined with any suitable 
pharmaceutically acceptable carrier so as to form a pharmaceutical 
composition as described above. 
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The exogenous polynucleotide or polynucleotide expressing cells 
according to the various aspects of the present invention which constitute 
the "active ingredient" of the pharmaceutical composition can be 
administered to the individual via various administration modes. 

Suitable routes of administration may, for example, include oral, 
rectal, transmucosal, especially transnasal, intestinal or parenteral 
delivery, including intramuscular, subcutaneous and intramedullary 
injections as well as intrathecal, direct intraventricular, intravenous, 
inrtaperitoneal, intranasal, or intraocular injections. 

Alternately, one may administer a preparation in a local rather 
than systemic manner, for example, via injection of the preparation 
directly into a vascularized region close to the arthritic joint of the 
individual. 

Pharmaceutical compositions of the present invention may be 
manufactured by processes well known in the art, e.g., by means of 
conventional mixing, dissolving, granulating, dragee-making, levigating, 
emulsifying, encapsulating, entrapping or lyophilizing processes. 

Pharmaceutical compositions for use in accordance with the 
present invention thus may be formulated in conventional manner using 
one or more physiologically acceptable carriers comprising excipients 
and auxiliaries, which facilitate processing of the active ingredients into 
preparations which, Can be used pharmaceutically. Proper formulation is 
dependent upon the route of administration chosen. 

For injection, the active ingredient may be formulated in aqueous 
solutions, preferably in physiologically compatible buffers such as 
Hank's solution, Ringer's solution, or physiological salt buffer. For 
transmucosal administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are generally 
known in the art. 

For oral administration, the active ingredient can be formulated as 
tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, 
suspensions, and the like, for oral ingestion by a patient. 

Pharmaceutical compositions, which can be used orally, include 
push-fit capsules made of gelatin as well as soft, sealed capsules made of 
gelatin and a plasticizer, such as glycerol or sorbitol. The push-fit 
capsules may contain the active ingredients in admixture with filler such 
as lactose, binders such as starches, lubricants such as talc or magnesium 
stearate and, optionally, stabilizers. In soft capsules, the active 
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ingredients may be dissolved or suspended in suitable liquids, such as 
fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, 
stabilizers may be added. All formulations for oral adtninistration should 
be in dosages suitable for the chosen route of administration. 

For buccal administration, the compositions may take the form of 
tablets or lozenges formulated in conventional manner. 

For administration by nasal inhalation, the active ingredient is 
conveniently delivered in the form of an aerosol spray presentation from 
a pressurized pack or a nebulizer with the use of a suitable propellant, 
e.g., dichlorodifluoromethane, trichlorofluoromethane, dichloro- 
tetrafluoroethane or carbon dioxide. In the case of a pressurized aerosol, 
the dosage unit may be determined by providing a valve to deliver a 
metered amount. Capsules and cartridges of, e.g., gelatin for use in a 
dispenser may be formulated containing a powder mix of the compound 
and a suitable powder base such as lactose or starch. 

The preparations described herein may be formulated for 
parenteral administration, e.g., by bolus injection or continuos infusion. 
Formulations for injection may be presented in unit dosage form, e.g., in 
ampoules or in multidose containers with optionally, an added 
preservative. The compositions may be suspensions, solutions or 
emulsions in oily or aqueous vehicles, and may contain formulatory 
agents such as suspending, stabilizing and/or dispersing agents. 

Pharmaceutical compositions for parenteral administration include 
aqueous solutions of the active ingredient in water-soluble form. 
Additionally, suspensions of the active ingredients may be prepared as 
appropriate oily or water based injection suspensions. Suitable lipophilic 
solvents or vehicles include fatty oils such as sesame oil, or synthetic 
fatty acids esters such as ethyl oleate, triglycerides or liposomes. 
Aqueous injection suspensions may contain substances, which increase 
the viscosity of the suspension, such as sodium carboxymethyl cellulose, 
sorbitol or dextran. Optionally, the suspension may also contain suitable 
stabilizers or agents which increase the solubility of the active 
ingredients to allow for the preparation of highly concentrated solutions. 

Alternatively, the active ingredient may be in powder form for 
constitution with a suitable vehicle, e.g., sterile, pyrogen-free water based 
solution, before use. 
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The preparation of the present invention may also be formulated in 
rectal compositions such as suppositories or retention enemas, using, e.g., 
conventional suppository bases such as cocoa butter or other glycerides. 

Pharmaceutical compositions suitable for use in context of the 
present invention include compositions wherein the active ingredients are 
contained in an amount effective to achieve the intended purpose. More 
specifically, a therapeutically effective amount means an amount of 
active ingredients effective to prevent, alleviate or ameliorate symptoms 
of rheumatoid arthritis. 

Determination of a therapeutically effective amount is well within 
the capability of those skilled in the art, especially in light of the detailed 
disclosure provided herein. 

For any preparation used in the methods of the invention, the 
therapeutically effective amount or dose can be estimated initially from 
in-vitro and cell culture assays. For example, a dose can be formulated in 
animal models to achieve a desired circulating antibody concentration or 
titer. Such information can be used to more accurately determine useful 
doses in humans. 

Toxicity and therapeutic efficacy of the active ingredients 
described herein can be determined by standard pharmaceutical 
procedures in-vitro, in cell cultures or experimental animals. The data 
obtained from these in-vitro and cell culture assays and animal studies 
can be used in formulating a range of dosage for use in human. The 
dosage may vary depending upon the dosage form employed and the 
route of administration utilized. The exact formulation, route of 
administration and dosage can be chosen by the individual physician in 
view of the patient's condition. (See e.g., Fingl, et ah, 1975, in "The 
Pharmacological Basis of Therapeutics", Ch. 1 p.l). 

Dosage intervals can also be determined using the MEC value. 
Preparations should be administered using a regimen, which maintains 
plasma levels above the MEC for 10-90 % of the time, preferable 
between 30-90 % and most preferably 50-90 %. 

Depending on the severity and responsiveness of the condition to 
be treated, dosing can be of a single or a plurality of administrations, with 
course of treatment lasting from several days to several weeks or until 
cure is effected or diminution of the disease state is achieved. 

The amount of a composition to be administered will, of course, 
be dependent on the subject being treated, the severity of the affliction, 
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the manner of administration, the judgment of the prescribing physician, 
etc. 

Thus, the present invention provides pharmaceutical compositions 
and methods for treating rheumatoid arthritis in an individual. 

As is further detailed in the Examples section below, the study 
conducted while reducing the present invention to practice utilized intra- 
body expression of TNF-ot, MCP-1, MEP-loc, MTP-lp and RANTES 
which led to a breakdown in immunological tolerance to the product of 
each gene of interest and establishment of an immunological memory. 
As is further demonstrated by this present study, the establishment of 
immunological memory facilitated recovery from arthritis in a rat 
inflicted with chronic arthritis. The findings of this study further indicate 
that the MCP-1 naked DNA vaccine is highly effective in inhibiting the 
development and progression of AA, as determined by clinical scoring, 
measurements of limb swelling, and histological analysis. 

Additional objects, advantages, and novel features of the present 
invention will become apparent to one ordinarily skilled in the art upon 
examination of the following examples, which are not intended to be 
limiting. Additionally, each of the various embodiments and aspects of 
the present invention as delineated hereinabove and as claimed in the 
claims section below finds experimental support in the following 
examples. 

EXAMPLES 

Reference is now made to the following examples, which together 
with the above descriptions, illustrate the invention in a non limiting 
fashion. 

Generally, the nomenclature used herein and the laboratory 
procedures utilized in the present invention include molecular, 
biochemical, microbiological and recombinant DNA techniques. Such 
techniques are thoroughly explained in the literature. See, for example, 
"Molecular Cloning: A laboratory Manual" Sambrook et al, (1989); 
"Current Protocols in Molecular Biology" Volumes I-III Ausubel, R. M., 
ed. (1994); Ausubel et al, "Current Protocols in Molecular Biology", 
John Wiley and Sons, Baltimore, Maryland (1989); Perbal, "A Practical 
Guide to Molecular Cloning", John Wiley & Sons, New York (1988); 
Watson et al, "Recombinant DNA", Scientific American Books, New 
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York; Birren et al. (eds) "Genome Analysis: A Laboratory Manual 
Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York 
(1998); methodologies as set forth in U.S. Pat. Nos. 4,666,828; 
4,683,202; 4,801,531; 5,192,659 and 5,272,057; "Cell Biology: A 
Laboratory Handbook", Volumes I-JH Cellis, J. E., ed. (1994); "Current 
Protocols in Immunology" Volumes I-in Coligan J. E., ed. (1994); Stites 
et al. (eds), "Basic and Clinical Immunology" (8th Edition), Appleton & 
Lange, Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods 
in Cellular Immunology", W. H. Freeman and Co., New York (1980); 
available immunoassays are extensively described in the patent and 
scientific literature, see, for example, U.S. Pat. Nos. 3,791,932; 
3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262; 
3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 
4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, 
M. J., ed. (1984); "Nucleic Acid Hybridization" Hames, B. D., and 
Higgins S. J., eds. (1985); "Transcription and Translation" Hames, B. D., 
andHiggins S. J., eds. (1984); "Animal Cell Culture" Freshney, R. I., ed. 
(1986); "Immobilized Cells and Enzymes" IRL Press, (1986); "A 
Practical Guide to Molecular Cloning" Perbal, B., (1984) and "Methods 
in Enzymology" Vol. 1-317, Academic Press; "PCR Protocols: A Guide 
To Methods And Applications", Academic Press, San Diego, CA (1990); 
Marshak et ah, "Strategies for Protein Purification and Characterization - 
A Laboratory Course Manual" CSHL Press (1996); all of which are 
incorporated by reference as if fully set forth herein. Other general 
references are provided throughout this document. The procedures 
therein are believed to be well known in the art and are provided for the 
convenience of the reader. All the information contained therein is 
incorporated herein by reference. 

MATERIALS AND EXPERIMENTAL METHODS 
Rats: Female Lewis rats, approximately six weeks old were 
purchased from Harlan (Jerusalem, Israel ) and maintained under clean 
conditions in our animal facility. 

Immunizations and active disease induction: Rats were 
immunized subcutaneously in the base-tail with 0.1 ml of CFA 
(incomplete Freund's adjuvant supplemented with 10 mg/ml heat-killed 
Mycobacterium tuberculosis H37Ra in oil, Difco laboratories Inc., 
Detroit, MI). Rats were then monitored for clinical signs daily by an 
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observer blind to the treatment protocol as we described elsewhere (Lider 
et al, 1987). Severity of the disease was quantified by scoring each limb 
on a scale of 0-4 which indicate the severity of peripheral joint swelling 
and erythema: 0 = no signs of disease, 1= disease evident in a small 
number of distal joints of the limb, 2 = disease evident in . all of distal 
joints of the limb, 3 = disease evident in all the limb, 4 = severe disease 
evident in all the limb. The arthritic clinical score was determined as the 
sum of the scores of all four limbs from each animal (0-16). The degree 
of arthritis, indicated by swelling, was quantified by measuring front and 
hind limb circumference using a caliper (Lange Skinfold Caliper, 
Cambridge Scientific Industries, Cambridge, MA). Measurements were 
taken at three time points during the course of disease: days 20, 60 and 
90. They are presented as the average of the difference between swelling 
diameter of treated joints and healthy ones. 

DNA vaccination: First strand cDNA was then subjected to 35 
cycles of PCR amplification using specific oligonucleotide primers 
which were designed based on the published sequence of each 
chemokine (NCBI Accession Numbers: Rat MlP-la - U06435, Rat MP- 
1(3 - U06434, Rat RANTES - U06436 and Rat MCP-1 M57441), and rat 
TNF-a (NCBI Accession Number m63122), as follows: Rat MIP-la 
(sense) 5 ' - ATGAAGGTCTCCACCACTGCCCTTGC-3 ' (SEQ ID 
NO:l); Rat MIP-la (antisense) 5'- 

TCAGGCATTCAGTTCCAGCTCAGTG-3 ' (SEQ ID NO:2); Rat MIP-1 
p (sense) 5 '-ATGAAGCTCTGCGTGTCTG CCTTC-3' (SEQ ID 
NO:3); Rat MIP-lp (antisense) 5'-TCAGTTCAA 
CTCC AAGTCATTCAC-3 ' (SEQ ID NO:4); Rat RANTES (sense) 5'- 
ATGAAGATCTCTGCAGCTGCATCC-3 ' (SEQ ID NO:5); Rat 
RANTES (antisense) 5 ' -CTAGCTCATCTCCAAAT AGTTG-3 ' (SEQ 
ID NO:6); Rat MCP-1 (sense) 5 ' - ATGC AGGTCTCTGTCAC 
GCTTCTGGGC-3 ' (SEQ ID NO:7); Rat MCP-1 (antisense) 5'- 
CTAGTTCTCTGTCATACTGGTCAC-3 ' (SEQ ID NO:8); Rat TNF-a 
(sense) 5 ' - ATG AGC AC AGAAAGCATGAT-3 ' (SEQ ID NO:9); and 
Rat TNF-a (antisense) 5 '-TCACAGAGCAATGACTCCAAA -3' (SEQ 
IDNO:10). 

Sequenced PCR products of rat MBP-la, MCP-1, MIP-lp, 
RANTES and TNF-a were transferred into a pcDNA3 vector 
(Invitrogen, San Diego, CA). In addition cDNA encoding rat p-actin has 
been obtained using specific oligonucleotide primers (sense 5'- 
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ATGGATGACGATATCGCTGCGCTC-3 ' (SEQ ID NO: 11); anti-sense 
5'-CTACCGGCCAGCCAGACG-3' (SEQ ID NO: 12). Following 
cloning and sequence verification the above cDNA was ligated into the 
pcDNA3 vector to be used as a control DNA vaccine. 

Large scale preparation of plasmid DNA was conducted using 
Mega prep (Qiagen Inc., Chatsworth, CA). Cardiotoxin (Sigma, St. 
Louis, MO) was injected into the tibialis anterior muscle of 6-8 week old 
female Lewis rats (lOuM per leg). Five days following the toxin 
injection rats were injected with 100 ug DNA in PBS. Four-five days 
after the first immunization one rat from each group was sacrificed and 
transcription of the relevant chemokine was verified using RT-PCR on 
tibialis anterior muscle samples. Thereafter, naked DNA vaccines were 
given four times with intervals of 6-7 days between each injection. 

Purification of antibodies: Antibodies from rat sera were 
purified using a High-Trap Protein G column (Pharmacia, Piscataway, 
NJ) according the manufacturer's protocol. Then antibody titer to various 
chemokines was determined by an ELISA assay as described below. 

CNBr Purification of C-C chemokine specific antibodies: 
Before being tested for their in-vivo characteristics (i.e. ability to affect 
the course of AA) sera from all DNA vaccinated rats were purified. 
Commercially available recombinant MCP-1, MlP-la, MIP-ip, 
RANTES all from Chemicon or TNF-cc from Genzyme (Cambridge, 
MA) were bound to a CNBr activated Sepharose Column according to 
the manufactures instructions (Pharmacia biotech, catalog number 17- 
0820-01). Specific antibodies to the gene product of each DNA vaccine 
were (IgG fraction) loaded on the columns, each consisting the 
appropriate commercially available C-C chemokine gene product bound 
to CNBr, and then eluted by an acidic elution buffer (glycine pH 2.5). 
Isotype determination of the purified antibody (ELISA) revealed that 
purified antibodies are mostly of the IgG2a Isotype. 

In-vitro chemotaxis assay for MlP-la, MCP-1, MlP-lfi, 
RANTES: In-vitro chemotaxis assay was conducted as previously 
described (Youssef et ah, 1998). The assay is based on (Luo et al, 1994) 
with minor modifications. Peritoneal macrophages were isolated as 
previously described (Luo et al, 1994) and suspended in DMEM 
enriched with 1% BSA. Cell migration was evaluated in standard 
Boyden chambers (Neuroprobe, Cabin John, MD). Macrophages 
(1.2xl0 6 cells) were added to the upper well. Chemotactic factors: fMLP 
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(Sigma, 10" 7 M), rat recombinant MEP-la (Chemicon International, 
Temecula, CA, 200 ng/ml) or rat recombinant MCP-1 (Chemicon 
International, Temecula, CA, 100 ng/ml) or rat recombinant RANTES 
(Chemicon International, Temecula, CA, 100 ng/ml) or human 
recombinant MTP-lfJ (Chemicon International, Temecula, CA, 100 
ng/ml) were added to the lower wells, with, or without pre-incubation 
with the required antibodies (lOug/well) at 37°C for 30 minutes. 
Migration was allowed to proceed for 90 minutes at 37°C. The 
polycarbonate filters, 5 urn pore size,(Osmonics, Livermore, CA) were 
removed and stained with Diff-Quik (Dade AG, Dudingen, Switzerland). 
Five x400 fields were selected randomly on each filter and the number of 
migrating cells was counted. 

Determination of the neutralizing activity of TNF-a specific 
antibodies: Determination of the neutralizing activity of TNF-a specific 
antibodies was performed as described in detail elsewhere (Wallach, 
1984), with the modification of using the U937 monocyte cell line 
(ATCC CRL-1593.2), at a concentration of 4x104 cells/well, as a target 
cell for the assay (Wildbaum and Karin, 1999). 

Evaluation of anti-cytokine/chemokine antibody titer in sera of 
DNA vaccinated rats: A direct ELISA assay has been utilized to 
determine the anti-C-C chemokine antibody titer in DNA vaccinated rats. 
ELISA plates (Nunc, Roskilde, Denmark) were coated with 50 ng/well 
commercially available recombinant rat RANTES, MEP-la, MCP-1 or 
human MIP-ip (Chemicon International, Temecula, CA) or TNF-a 
(Genzyme, Cambridge, MA). Sera from DNA vaccinated rats were 
added in serial dilutions from 2 5 to 2 30 to wells that were, or were not, 
previously coated with each chemokine. Calculation of each titer was 
done by comparing the OD measured in wells coated with the relevant 
chemokine to those not coated with this chemokine. Goat anti-rat alkaline 
phosphatase conjugated IgG antibodies (Sigma) were used as a labeled 
antibody. p-Nitrophenyl Phosphate(p-NPP) (Sigma) was used as a 
soluble alkaline phosphatase substrate. Results of triplicates were 
calculated as log 2 antibody titer ± SE. 

Histopathology: Joints were removed at various time points 
following disease induction, fixed with 10% buffered formalin, 
decalcified in 5% emylenediaminetetraacetic acid in buffered formalin, 
embedded in paraffin and sectioned along the midline through the 
metatarsal region (Bacha et al, 1992). Sections were stained with 
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hematoxylin and eosin and analyzed by a histopathologist who was a 
blind observer to the experimental procedure. Evaluation was made 
based upon inflammatory mononuclear cell infiltrate in the synovial 
membrane, thickness of the synovial lining, joint space narrowing and 
periosteal new bone formation. Clinical score was determined as follows: 
0 = no evidence of disease; 1 = mild lymphocytic infiltrate, 2 = 
widespread mononuclear of inflammation and thickening of the synovial 
lining and 3= severe bone destruction, new bone formation and 
destruction of the synovial lining (Bacha et ah, 1992). 

Statistical analysis: Significance of differences was examined 
using Student's t-test. A value of P<0.05 was considered significant. One 
way multiple range ANOVA test with significance level of p<0.05 was 
performed for multiple comparisons of antibody titers to various C-C 
chemokines in naked DNA vaccinated rats. 

EXAMPLE 1 

Results of experiments conducted with the chemokines MIP-lcc, MCP- 
1, MIP-1J5, andRANTES 

Prevention ofAA using naked DNA vaccines: 

Cloned PCR products of the MlP-la, MCP-1, MIP-ip, RANTES 
C-C chemokines (Youssef et ah, 1998) were ligated into a pcDNA3 
mammalian expression vector and used as constructs for naked DNA 
vaccination (Figure la). Lewis rats were exposed to four weekly 
administrations of various naked DNA vaccines. Control rats were either 
injected with the pcDNA3 vector alone, or with PBS. Three weeks after 
the last immunization all rats were immunized with CFA to induce AA. 
Under working conditions established in the present study, AA manifests 
a long lasting form of disease that includes an acute phase, peaking 
around day 20, and a chronic phase that persists for more than 100 days 
(Figure la). All control (PBS immunized) and pcDNA3 vaccinated rats 
(10 per group) developed a severe form of disease with a maximal 
clinical score (day 20) of 11± 1.39 and lOtfcl.l respectively (Figures la- 
b). At this time each one of the four chemokine DNA constructs led to a 
significant (p<0.01) reduction in disease severity (6.8±0.93, 5.1±0.7, 
6±1.2 and 6.8±1.3 for treatment with MEP-la, MCP-1, RANTES and 
MTP-ip accordingly) as determined by measuring the limb swelling 
(Figures lb-d). Representative joint sections from all experimental 
groups (4 animals per group) were obtained on day 30 and screened for 
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histological inflammatory mononuclear cell infiltrate in the synovial 
membrane, thickness of the synovial lining, joint space narrowing and 
periosteal new bone formation. Histological scores are summarized in 
(Table 1) below. 



Table 1 

Histological changes in AA rats as a response to DNA vaccination with 
C-C chemokines 



DNA vaccine 


AA induction 


Histological 
score 






0 




+ 


3+0 a 


pcDNA3 


+ 


2.8+0. 18 a 


+MCP-1 


+ 


0.83+0.33 d 


+MIP-la 


+ 


1.3±0.23 c 


+M0P-1P 


+ 


2±0.28 b 


+RANTES 


+ 


1.5±0.24 c 



pO.OOl for the comparison between d and a, p<0.05 for the comparison between d and b, 
p<0.00 for the comparison between c and a, p<0.05 for the comparison between b and a. 



Representative sections are presented in (Figures 2a-n). Sections 
obtained from C-C chemokine DNA vaccinated rats displayed a marked 
reduction in each of the above parameters as compared to control and 
pcDNA3 treated AA rats. Amongst the C-C chemokine DNA vaccinated 
rats those subjected to the MCP-1 DNA construct displayed the lowest 
histological score (Table 1, histological score 0.83±0.33 compared to 
2.8±0.18 and 3±0 in pcDNA3 or PBS treated rats p<0.001 respectively, 
and to 2±0.28 in MEP-lp DNA vaccinated rats, p<0.05). Similarly VHP- 
la and PvANTES DNA vaccines profoundly reduced the histological 
score of disease (histological score 1.3±0.23 and 1.5±0.24, p<0.001 
compared to pcDNA3 or PBS treated rats). The effect of MIP-lp DNA 
vaccine on the above parameters was moderate (histological score 2±0.28 
p<0.05 compared to pcDNA3 or PBS treated rats). 

During the chronic phase of disease, in parallel to the above 
histological evaluation, the MCP-1 encoding DNA vaccines exerted the 
most significant effect on disease recovery (Figures lc-d, p<0.001 as 
compared to control , pcDNA3 or MTP-lp DNA vaccinated rats). The 
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MIPl-a DNA vaccine also led to a highly significant decrease in the long 
term clinical manifestation of disease (Figures lc-d, p<0.01 as compared 
to control, pcDNA3 or MTP-ip DNA vaccinated rats). RANTES DNA 
vaccine notably decreased the long term severity of disease (Figures lc-d, 
p<0.05 as compared to control or pcDNA3 treated rats), whereas the 
MIP-ip DNA vaccine did not exhibit any significant effect on the 
clinical manifestation of disease at these times. Again the clinical effect 
of DNA vaccine was verified by measuring differences in limb swelling 
(Figures lb-d). Thus, these results show that C-C chemokine DNA 
vaccines can be used effectively to prevent AA. The vaccine encoding 
MCP-1 is the most potent in inhibiting not only the acute but also the 
chronic phase of disease. These results motivated further exploration of 
the therapeutic potential of this vaccine. 

Self-specific antibodies developed in DNA vaccinated rats are 
neutralizing in-vitro and capable of transferring the protective effect of 
each vaccine: 

DNA vaccination can potentially elicit both cellular and humoral 
responses against products of a given construct (Donnelly et ah, 1997; Fu 
et al, 1997; Tang et al, 1992; Ulmer et al, 1993; Ulmer et al, 1996). 
To assess the contribution of the humoral response to the tolerant state, 
DNA vaccinated AA rats were monitored for the production of self- 
specific antibodies to the gene product of each DNA vaccine. Antibodies 
produced were evaluated for their ability to neutralize chemokine- 
mediated chemoattraction of leukocytes (in-vitro) and to interfere in the 
development of AA in adoptive transfer experiments. 

Thus, Lewis rats were subjected to administration of various C-C 
chemokine DNA constructs, as described hereinabove. Three weeks later 
these rats were separated to sub-groups that were immunized with CFA 
either by a foot pad injection to induce a local DTH response or by a tail- 
base administration to induce poly-arthritis. Around the peak of the acute 
phase of disease the appearance of anti-self antibody in the serum was 
determined. Rats developing poly-arthritis manifest a notable self- 
specific antibody titer to the proinflammatory chemokine. 

The results clearly show that even without DNA vaccination a 
notable antibody titer to each chemokine of interest could be observed in 
AA rats (Figures 3a-d). Interestingly, these titers differed not only from 
those in non-diseased rats, but also from those immunized to manifest a 
local DTH response (for MCP-1 Figure 3a log 2 Ab titer of 12±0.55 Vs 
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7.5±0.55, pO.Ol; for Mff-la Figure 3b log 2 Ab titer of 11±0.33 Vs 
8.5±0.33, p<0.05; for MEP-lp Figure 3c log 2 Ab titer of 12±0.55 Vs 
7.5±0.55, p<0.01, for RANTES Figure 3d log 2 Ab titer of 11.25±0.55 Vs 
8±0.55, p<0.05). This substantial increase in self-specific titer was 
certainly not enough to prevent the development and progression of the 
inflammatory condition in AA (Figures la-d). Naked DNA vaccination, 
however, elicited the production of high titers of self specific antibody to 
the gene product of each given vaccine during the course of AA (Figures 
3a-d Log 2 Ab titer of 20±0.55, 19±0.33, 19.5±0.55 and 2O±0.47 for 
MCP-1, MP-la, MIP-ip and RANTES, pO.OOl for the comparison of 
each antibody titer to the titer developed in AA rats previously subjected 
to pcDNA3 alone or PBS), and depending on the inserted DNA 
construct, rendered DNA vaccinated rats a high state of AA resistance. 
The elevated titer to the product of each vaccinating construct continued 
to persist during the chronic phase of disease (Figure 4a-d), as did the 
clinical effect of these vaccines (Figures la-d). Since various C-C 
chemokines demonstrate similarities in amino acid sequence a possible 
cross-reactivity between antibodies produced in DNA vaccinated rats was 
examined. Sera from all antibody producing groups described in Figures 
3a-d were examined for production of antibodies to each of the other C-C 
chemokines (Figures 5a-d). The results indicated that each DNA 
vaccinated group manifested a highly specific titer against homologous 
antigen: MCP-1, MlP-la, MIP-lj3 and RANTES (Figures 5a-d, p<0.001 
for the comparison of self-specific titer to each gene product compared to 
the other chemokines). MCP-1 DNA vaccinated rats, however, exhibited 
a notable cross reactive antibody titer against MlP-la (Figure 5b). 

Antibodies were purified (IgG fraction, protein G purification) 
and evaluated for their competence to inhibit the migration of oil-induced 
peritoneal macrophages in a Boyden chemotaxis chamber assay, as 
previously described (Youssef et ah, 1998). Self-specific antibodies 
generated in DNA vaccinated rats substantially blocked chemotaxis 
induced by each relevant chemokine (Figures 6a-d, p<0.01 for the 
comparison of the effect of anti-sera from DNA vaccinated rats to the 
effect of either medium, IgG from AA rats or IgG from AA rats 
previously exposed to pcDNA3 alone), and to a much lesser extent, if at 
all, chemotaxis induced by anti-sera from rats previously subjected to 
DNA vaccination with other C-C chemokine constructs. Although 
partial blockage of chemotaxis mediated by MlP-la using anti-sera from 
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MCP-1 DNA vaccinated rats was induced (Figure 6d, p<0.05). The 
above effect could be attributed to the partial cross reactivity to MlP-la 
in MCP-1 DNA vaccinated rats as shown in Figure 5b, and as previously 
described by Youssef et al. (1998). 

Thus, neutralizing antibodies generated in naked DNA vaccinated 
rats are chemokine specific. These antibodies were then evaluated for 
their competence to provide protection from severe ongoing AA (Figures 
7a-b). Prior to being tested for their in-vivo characteristics ( i.e. ability to 
affect the course of AA), sera obtained from all C-C chemokine DNA 
vaccinated rats were purified on Sepharose Columns, which included a 
C-C chemokine gene product bound to CNBr, as described hereinabove. 
Seven, ten & twelve days following the active induction of the disease, 
AA rats were challenged (i.v.) with 200ug of each of these antibodies. 
Control rats were injected with either PBS, IgG from non-diseased rats, 
IgG from AA or from AA rats previously administered with pcDNA3 
alone (Figures 7a-b). Repeated administration of neutralizing antibodies 
from MCP-1 and MlP-la DNA vaccinated rats led to a marked reduction 
in disease severity as compared to all control groups. Day 16 mean 
maximal score of 6±0.5 and 5.8±0.65 was obtained in rats immunized 
with sera obtained form MCP-1 and MlP-la vaccinated rats, as 
compared to 11±0.6, 9±0.7, 10±0.7 and 10±0.7 obtained for control AA 
rats treated with either PBS, IgG from AA rats, IgG from pcDNA3 
vaccinated rats, or IgG from non-diseased rats (pO.OOl for the 
comparison of each experimental group to each of the three control 
groups). 

Repeated administration of neutralizing antibodies from MIP-ip 
and RANTES DNA vaccinated rats led to a moderate decrease in disease 
severity (day 16, 7.8±0.9 and 7.8±0.9) which significantly differed 
(p<0.05) from the scores determined for each of the four control groups. 
Clinical scoring was also determined by measuring limb swelling and 
verified histologically (not shown). 

These results may well explain in part the long lasting effect of C- 
C chemokine DNA vaccination in decreasing disease severity. Five to 
seven days following the last adrriinistration of neutralizing antibodies, 
disease severity returned to the level exhibited by control AA rats (not 
shown). This further emphasizes the advantageous of naked DNA 
vaccination over neutralizing antibody therapy. 
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Treatment of an established disease by MCP-1 encoding DNA 
vaccine: 

The MCP-1 naked DNA vaccine, administered before induction of 
disease was found to be highly effective in inhibiting the development 
and progression of AA, as determined by clinical scoring, measurements 
of limb swelling (Figures la-d), and histological analysis (Figures 2a-n). 
Thus the above DNA vaccine was selected as a preferred candidate for 
therapeutic experiments in which the vaccine is administered following 
disease establishment (Figures 8a-c). 

Lewis rats were immunized with CFA to induce active AA and 
separated into three random groups of twelve rats each. Two of these 
groups were then subjected to three repeated admimstrations (days 10, 
12, 14) of either pcDNA3 alone or of the MCP-1 construct (300ug per 
rat). The third group was inoculated with PBS. While all control and 
pcDNA3 treated rats continued to develop severe AA, those administered 
with the MCP-1 DNA vaccine exhibited a substantially reduced form of 
the disease. As shown in Figures 8a-c, at day 25, a mean maximal score 
of 1 1±1 and 1 1 .2± 0.9 was determined for rats treated with either PBS or 
pcDNA3 alone as compared to a mean maximal score of 6.2± 0.76, 
p<0.001 for the MCP-1 DNA vaccinated rats). The clinical score was 
confirmed by a histological analysis of synovitis, cartilage loss and bone 
erosion of representative joint sections obtained from all experimental 
groups (Figures 9a-p). Sections obtained from AA rats treated with the 
MCP-1 DNA construct displayed a marked reduction in each of the 
above parameters as compared to control and pcDNA3 treated AA rats 
(Figures 9a-p). The beneficial effect of the treatment was long lasting 
and covered not only the acute phase, but also the chronic phase of 
disease. Thus, 60 and 90 days following induction of the disease, AA 
rats treated with the MCP-1 DNA construct manifested a significantly 
reduced disease state as determined by both clinical scoring and 
histological analysis of the joints obtained during the acute (day 30) and 
chronic (day 90) phase of disease. During the acute phase of disease 
sections form PBS and pcDNA3 treated control rats displayed a massive 
inflammatory mononuclear cell infiltrate in the synovial membrane, an 
apparent increase in thickness of the synovial lining, narrowing of the 
joint space and notable periosteal new bone formation (Figures 9e-f and 
i-j). During the chronic phase of disease the intensity of the synovial 
leukocyte infiltration regressed, yet cartilage loss, bone erosion and 
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periosteal new bone formation profoundly increased (Figures 9g-h and k- 
1). During the acute phase of disease sections form MCP-1 naked DNA 
treated rats displayed a substantial reduction in synovial leukocyte 
infiltration, synovitis, cartilage loss and bone erosion (Figures 9m-n) that 
resembled the histological analysis of sections from rats that were 
vaccinated with the MCP-1 DNA vaccine before the induction of active 
disease (Figures 2a-n). Interestingly, and most importantly, during the 
chronic phase of disease (day 90) massive cartilage loss, bone erosion 
and periosteal new bone formation that characterized control and 
pcDNA3 treated rats was entirely absent in joint sections of rats treated 
with MCP-1 naked DNA vaccine following induction of AA (Figures 9g- 
h, k-1 and o-p). 

Thus, naked DNA vaccination using a chemokine expressing 
construct especially an MCP-1 construct could serve as a highly effective 
method of treating ongoing arthritis in humans. 

EXAMPLE 2 
Results of experiments conducted with TNF-a 
Prevention ofAA using TNF-a naked DNA vaccine: 
The cloned PCR product of TNF-a was ligated into a pcDNA3 
mammalian expression vector and used as constructs for naked DNA 
vaccination. Lewis rats were exposed to four weekly administrations of 
this construct. Control rats were injected with either the P-actin construct, 
the pcDNA3 vector alone, or with PBS. Three weeks following the last 
immunization all rats were immunized with CFA to induce AA. Under 
working conditions established by the present study, AA manifests a long 
lasting form of disease that includes an acute phase, peaking around day 
20, and a chronic phase that persists for more than 100 days (Figures 10a- 
d). All of the control rats which were treated with either PBS, pcDNA3 
alone or [3-actin pcDNA3 (12 per group) developed a severe form of 
disease with a maximal clinical score (day 20) of 13.5± 1.8, 13± 1.52 and 
13±1.52 respectively (Figures lOa-d). In sharp contrast, rats subjected to 
the subsequent administration of TNF-a construct developed a 
significantly reduced form of the disease (mean maximal score of 6.7± 
1.1, p< 0.001). A significantly reduced form of the disease was also 
recorded in these animals during the chronic phase of disease (day 45, 
1.7±0.7 as compared to 7.2±0.77, 6.5±1 6.1±\2 in the controls, pO.OOl; 
day 90,'.1±0.7 as compared to 3.3±0.8, 3.3±0.86 and 3.5*0.7, in the 



WO 01/57056 



PCT/IL01/00117 



30 

controls, pO.OOl). In addition to clinical scoring, changes in paw 
swelling were recorded by an observer blind to the experimental 
procedure. At all times (days 20, 45 and 90) TNF-a DNA vaccinated 
rats exhibited a marked reduction in D paw swelling compared to each of 
the control groups (pO.OOl, Figures lOa-d). Representative joint 
sections from all experimental groups (4 animals per group) were 
obtained on day 30 and screened for histological inflammatory 
mononuclear cell infiltrate in the synovial membrane, thickness of the 
synovial lining, joint space narrowing and periosteal new bone formation. 
Sections obtained from TNF-a DNA vaccinated rats displayed a marked 
reduction in each of the above parameters as compared to control and 
pcDNA3 treated AA rats (mean histological score of 12 sections from 
four animals, 0.5±0.2 in TNF-a DNA vaccinated rats compared to 
2.8±0.2, 2.66±0.4 and 3±0 in pcDNA3, p-actin or PBS treated rats 
pO.OOl respectively). Thus, a TNF-a expressing naked DNA 
vaccination, could serve as a powerful tool for preventing AA. 

Self-specific antibodies generated by DNA vaccinated rats 
display in-vitro neutralizing capabilities, and in addition are capable of 
transferring the protective effect of each vaccine: 

DNA vaccination can potentially elicit both cellular and humoral 
responses against products of a given construct (Donnelly et al, 1997; Fu 
et al, 1997; Tang et al, 1992; Ulmer et al, 1993; Ulmer et al, 1996). 
To assess the contribution of the humoral response to the tolerant state, 
DNA vaccinated AA rats were followed during the generation of self- 
specific antibodies to TNF-a. The antibodies were evaluated for their 
ability to neutralize TNF-a {in-vitro) and to interfere in the development 
of AA in an adoptive transfer experiment. 

Thus, Lewis rats were subjected to administration of PBS, 
pcDNA3 alone, the p-actin construct or a TNF-a naked DNA construct. 
Three weeks following administration these rats were separated to sub- 
groups that were immunized with CFA by either a foot pad injection to 
induce a local DTH response or a tail-base administration to induce poly- 
arthritis. The presence of anti-self antibody in the serum was determined 
at around the peak of the acute phase of the disease. Rats which 
developed poly-arthritis manifested a notable self-specific antibody titer 
to TNF-a (Figures lla-b), but not to p-actin (data not shown), even in 
the absents of DNA vaccination. Merestingly, this titer differed in non- 
diseased rats, and in rats immunized to manifest a local DTH response 
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(Fig lla-c, day 20 - log 2 Ab titer of 13±0.55 in AA rats as compared to 
9±0.33 and 8±0.47 in rats with a local DTH response and non-diseased 
rats, respectively, p<0.05). 

This notable increase in self-specific titer was not enough to 
prevent the development and progression of the inflammatory condition 
characterizing AA (Figure lOa-d). However, in TNF-ct naked DNA 
vaccinated rats, TNF-a specific antibody titer increased following AA 
induction, and to a much lesser extent following the injection of CFA to 
induce a DTH response, (Figure 1 la - log2Ab titer of 25±1.2 Vs 16±0.8, 
p<0.001). The antibody titer continued to persist during the chronic 
phase of disease (Figure 11c), as did the clinical effect of these vaccines 
(Figures lOa-d). 

Antibodies were purified (IgG fraction, protein G purification) 
and evaluated for their competence to neutralize the activity of TNF-a 
(in-vitro) and transfer AA resistance. As shown by Figure 12 Natural red 
uptake which serves to determine demonstrated that an IgG fraction from 
TNF-a DNA vaccinated rats is capable of abolishing the cytotoxic 
activity of TNF-a on U937 cytotoxic T cells. Thus antibodies produced 
in naked DNA vaccinated rats are neutralizing antibodies. These 
antibodies were then evaluated for ability to provide protection from 
severe ongoing AA (Figure 13). Before being tested in-vivo ( i.e. ability 
to affect the course of AA), sera obtained from all the experimental 
groups were purified (IgG purification). Sera from rats vaccinated with 
the TNF-a construct were also subjected to a purification on an activated 
TNF-a-CNBr Sepharose Column, as described hereinabove. Beginning 
on day 16 AA rats were challenged (i.v) with lOOug of each of these 
antibodies. Control rats were injected with either PBS, IgG from non- 
diseased rats, IgG from AA or from AA rats previously administered 
with pcDNA3 alone. Repeated administration of TNF-a specific 
antibodies from DNA vaccinated rats led to a marked reduction in 
disease severity as compared to all control groups (day 20 mean maximal 
score of 2.25±0.7 compared to 9.5±1.6, 10±1.4, 10±0.7 and 10.5±1.4 in 
control AA rats treated with either PBS, IgG from AA rats, IgG from 
pcDNA3 vaccinated rats, or IgG from non-diseased rats p<0.001 for the 
comparison to each of the control groups). Clinical scoring was also 
determined by measuring limb swelling and histology (not shown). 

The results obtained by this study may explain, in part, the effect 
of TNF-a DNA vaccination on disease manifestation. Five to seven days 
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following the last administration of neutralizing antibodies, disease 
severity returned to the level exhibited by control AA rats (not shown). 
This further emphasizes the advantageous of naked DNA vaccination 
over neutralizing antibody therapy. 

Treatment of an established disease by TNF-a encoding DNA 
vaccine: 

The ability of the TNF-a naked DNA in interfering in the 
development and progression of an ongoing disease was tested in 
subjects in which the vaccine was administered only following the onset 
of disease. 

Lewis rats were immunized with CFA to induce active AA and 
separated into four random groups of twelve rats each. One day 
following the onset of disease (day 11) and on days 13 and 15 three of 
these groups were subjected to repeated administrations of either PBS, 
pcDNA3 alone, the p-actin construct or the TNF-a construct (300ug per 
rat). 

The control and pcDNA3 treated rats continued to develop severe 
AA, while those treated with the TNF-a DNA vaccine exhibited a 
markedly reduced form of the disease (Figure 14). The marked reduction 
in the severity of the disease continued persisted throughout the chronic 
phase of the disease. Clinical scores were confirmed histologically 
(Figures 15a-p) on representative joint sections which were obtained on 
day 30 and 60 from all experimental groups and evaluated for 
histological analysis of synovitis, cartilage loss and bone erosion. 
Sections obtained from AA rats treated with the TNF-a DNA construct 
displayed a marked reduction in each of the above parameters as 
compared to control and pcDNA3 treated AA rats. The beneficial effect 
of the treatment was long lasting and covered the acute phase (day 30), 
and the chronic phase of the disease (day 60). During the acute phase of 
the disease sections form PBS and pcDNA3 treated control rats displayed 
a massive inflammatory mononuclear cell infiltrate in the synovial 
membrane, an apparent increase in thickness of the synovial lining, 
narrowing of the joint space and notable periosteal new bone formation 
(Figures 15e-f and i-j) while sections from TNF-a naked DNA treated 
rats displayed a substantial reduction in synovial leukocyte infiltration, 
synovitis, cartilage loss and bone erosion (Figures 15m-n). Interestingly, 
and most importantly, during the chronic phase of disease (day 60) 
massive cartilage loss, bone erosion and periosteal new bone formation 
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which characterized control and pcDNA3 treated rats (Figures 15g-h and 
k-1) was entirely absent from joint sections of rats treated with TNF-oc 
naked DNA vaccine following the induction of AA (Figures 15g-h). 

Thus, naked DNA vaccination using a TNF-oc expressing 
construct could be highly effective in treating ongoing arthritis in 
humans. 

Although the invention has been described in conjunction with 
specific embodiments thereof, it is evident that many alternatives, 
modifications and variations will be apparent to those skilled in the art. 
Accordingly, it is intended to embrace all such alternatives, modifications 
and variations that fall within the spirit and broad scope of the appended 
claims. All publications cited herein are incorporated by reference in 
their entirety. Citation or identification of any reference in this 
application shall not be construed as an admission that such reference is 
available as prior art to the present invention. 
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WHAT IS CLAIMED IS: 

1. A method of treating rheumatoid arthritis of an individual, 
the method comprising the step of expressing within the individual at 
least an immunologically recognizable portion of a cytokine from an 
exogenous polynucleotide encoding said at least a portion of said 
cytokine, wherein a level of expression of said at least a portion of said 
cytokine is sufficient to induce a formation of anti-cytokine 
immunoglobulins, said anti-cytokine immunoglobulins being for 
neuttahzing or ameliorating an activity of a respective and/or cross 
reactive endogenous cytokine, to thereby treat rheumatoid arthritis. 

2. The method of claim 1, wherein said cytokine is a 
chemokine. 

3. The method of claim 2, wherein said chemokine is a C-C 
chemokine. 

4. The method of claim 3, wherein said C-C chemokine is 
selected from the group consisting of MP-la, MCP-1, MTP-lp and 
RANTES. 

5 . The method of claim 1 , wherein said cytokine is TNF-a. 

6. The method of claim 1, wherein said step of expressing 
within the individual said at least an immunologically recognizable 
portion of said cytokine from said exogenous polynucleotide encoding 
said at least a portion of said cytokine is effected by administering said 
exogenous polynucleotide to the individual. 

7. The method of claim 6, wherein said exogenous 
polynucleotide forms apart of a pharmaceutical composition. 

8. The method of claim 6, wherein said pharmaceutical 
composition also includes a pharmaceuticaUy acceptable carrier. 
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9. The method of claim 8, wherein said pharmaceutically 
acceptable carrier is selected from the group consisting of a viral carrier, 
a liposome carrier, a micelle carrier and a cellular carrier. 

10. A method of treating rheumatoid arthritis in an individual, 
the method comprising the step of adrninistering to the individual cells 
expressing from an exogenous polynucleotide at least an 
immunologically recognizable portion of a cytokine, wherein a level of 
expression of said at least a portion of said cytokine is sufficient to 
induce a formation of anti-cytokine immunoglobulins, said anti-cytokine 
immunoglobulins being for neutralizing or ameliorating an activity of a 
respective and/or cross reactive endogenous cytokine, to thereby treat 
rheumatoid arthritis. 

11. The method of claim 10, wherein said cells are selected 
from the group consisting of dendritic cells, macrophages, B cells and 
fibroblasts. 

12. The method of claim 10, wherein said cells are derived 
from the individual. 

13. The method of claim 10, wherein said cells secrete said at 
least a portion of said cytokine following expression thereof. . 

14. The method of claim 10, wherein said cells are antigen 
presenting cells and as such, said cells present portions of said cytokine 
following expression of said at least a portion of said cytokine. 

15. The method of claim 10, wherein said cytokine is a 
chemokine. 

16. The method of claim 15, wherein said chemokine is a C-C 
chemokine. 

17. The method of claim 16, wherein said C-C chemokine is 
selected from the group consisting of MEP-la, MCP-1, MTP-ip and 
RANTES. 
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18. The method of claim 10, wherein said cytokine is TNF-ct. 

19. The method of claim 10, wherein said cells expressing 
from said exogenous polynucleotide said at least an immunologically 
recognizable portion of said cytokine form a part of a pharmaceutical 
composition. 

20. A pharmaceutical composition •.comprising, as an active 
ingredient, a nucleic acid construct including a polynucleotide region 
encoding at least a portion of a cytokine and a pharmaceutically 
acceptable carrier. 

21. The pharmaceutical composition of claim 20, wherein said 
nucleic acid construct is a naked DNA construct. 

22. The pharmaceutical composition of claim 20, wherein said 
pharmaceutically acceptable carrier is selected from the group consisting 
of a viral carrier, a liposome carrier, a micelle carrier and a cellular 
carrier. 

23. The pharmaceutical composition of claim 20, wherein said 
polynucleotide region encoding said cytokine is under a transcriptional 
control of a promoter sequence. 

24. The pharmaceutical composition of claim 20, wherein said 
cytokine is a chemokine. 

25. The pharmaceutical composition of claim 24, wherein said 
chemokine is a C-C chemokine. 

26. The pharmaceutical composition of claim 25, wherein said 
C-C chemokine is selected from the group consisting of MEP-la, MCP-1, 
MIP- 1 P and RANTES . 

27. The pharmaceutical composition of claim 20, wherein said 
cytokine is TNF-a. 
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28. A cellular vaccine composition comprising cells expressing 
at least one peptide epitope derived from a cytokine, said at least one 
peptide includes at least 6 amino acid residues. 

29. The cellular vaccine composition of claim 28, wherein said 
cells are antigen presenting cells and a such said cells present said at least 
one peptide-epitope derived from said cytokine following expression 
thereof. 

30. The cellular vaccine composition of claim 28, wherein said 
at least one peptide-epitope derived from said cytokine is secreted from 
said cells following expression thereof. 

3 1 . The cellular vaccine composition of claim 28, wherein said 
cytokine is a chemokine. 

32. The cellular vaccine composition of claim 31, wherein said 
chemokine is a C-C chemokine. 

33. The cellular vaccine composition of claim 32, wherein said 
C-C chemokine is selected from the group consisting of MP-lcc, MCP-1, 
MTP-lpand RANTES. 

34. The cellular vaccine composition of claim 28, wherein said 
cytokine is TNF-a. 

35. The cellular vaccine composition of claim 29, wherein said 
antigen presenting cells are selected from the group consisting of 
dendritic cells, macrophages, B cells and fibroblasts. 

36. A method of treating rheumatoid arthritis of an individual, 
the method comprising the step of expressing within the individual an 
exogenous polynucleotide encoding at least a portion of a variable region 
of an anti-cytokine immunoglobulin, wherein a level of expression of 
said at least a portion of said variable region of said anti-cytokine 
immunoglobulin is sufficient for neutralizing or ameliorating an activity 
of a respective and/or cross reactive endogenous cytokine, to thereby 
treat rheumatoid arthritis. 
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37. The method of claim 36, wherein said variable region is a 
light chain variable region of said anti-cytokine immunoglobulin. 

38. The method of claim 36, wherein said variable region is a 
heavy chain variable region of said anti-cytokine immunoglobulin. 

39. The method of claim 36, wherein said cytokine is a 
chemokine. 

40. The method of claim 39, wherein said chemokine is a C-C 
chemokine. 

41. The method of claim 40, wherein said C-C chemokine is 
selected from the group consisting of MlP-la, MCP-1, MIP-ip and 
RANTES. 

42. The method of claim 36, wherein said cytokine is TNF-a. 

43. A method of treating rheumatoid arthritis of an individual, 
the method comprising the step of administering to the individual cells 
expressing an exogenous polynucleotide encoding at least a portion of a 
variable region of an anti-cytokine immunoglobulin, wherein a level of 
expression of said at least a portion of said variable region of said anti- 
cytokine immunoglobulin is sufficient for neutralizing or ameliorating an 
activity of a respective and/or cross reactive endogenous cytokine, to 
thereby treat rheumatoid arthritis. 

44. The method of claim 43, wherein said variable region is a 
light chain variable region of said anti-cytokine immunoglobulin. 

45. The method of claim 44, wherein said variable region is a 
heavy chain variable region of said anti-cytokine immunoglobulin. 

46. The method of claim 43, wherein said cells secrete said at 
least a portion of said variable region of said anti-cytokine 
immunoglobulin following expression thereof. 
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47. The method of claim 43, wherein said cytokine is a 
chemokine. 

48. The method of claim 47, wherein said chemokine is a C-C 
chemokine. 

49. The method of claim 48, wherein said C-C chemokine is 
selected from the group consisting of MTP-lo:, MCP-1, MTP-ip and 
RANTES. 

50. The method of claim 43, wherein said cytokine is TNF-a. 

51. A pharmaceutical composition comprising, as an active 
ingredient, a nucleic acid construct including a polynucleotide region 
encoding at least a portion of a variable region of an anti-cytokine 
immunoglobulin and a pharmaceutically acceptable carrier, wherein said 
at least a portion of said variable region is capable of binding said 
cytokine. 

52. The pharmaceutical composition of claim 51, wherein said 
variable region is a light chain variable region of said anti-cytokine 
immunoglobulin. 

53. The pharmaceutical composition of claim 51, wherein said 
variable region is a heavy chain variable region of said anti-cytokine 
immunoglobulin. 

54. The pharmaceutical composition of claim 51, wherein said 
cytokine is a chemokine. 

55. The pharmaceutical composition of claim 54, wherein said 
chemokine is a C-C chemokine. 

56. The pharmaceutical composition of claim 55, wherein said 
C-C chemokine is selected from the group consisting of MlP-la, MCP-1, 
MIP- 1(3 and RANTES. 
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57. The pharmaceutical composition of claim 5 1, wherein said 
cytokine is TNF-cc. 

58. A cellular vaccine composition comprising cells expressing 
at least a portion of a variable region of an anti-cytokine 
immunoglobulin, wherein said portion of said variable region of said 
anti-cytokine immunoglobulin is capable of binding said cytokine. 

59. The cellular vaccine composition of claim 58, wherein said 
variable region is a light chain variable region of said anti-cytokine 
immunoglobulin. 

60. The cellular vaccine composition of claim 58, wherein said 
variable region is a heavy chain variable region of said anti-cytokine 
immunoglobulin. 

61 . The cellular vaccine composition of claim 58, wherein said 
cells secrete said at least a portion of said variable region of said anti- 
cytokine immunoglobulin following expression thereof. 

62. The cellular vaccine composition of claim 58, wherein said 
cytokine is a chemokine. 

63. The cellular vaccine composition of claim 62, wherein said 
chemokine is a C-C chemokine. 

64. The cellular vaccine composition of claim 63, wherein said 
C-C chemokine is selected from the group consisting of MIP-loc, MCP-1, 
MTP-lp and RANTES. 

65. The cellular vaccine composition of claim 58, wherein said 
cytokine is TNF-ct. 
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